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1. 

PROSTHETIC LINER WITH CONTINUOUS 
DISTAL END AREA 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of U.S. patent applica 
tion Ser. No. 12/731,513, filed on Mar. 25, 2010, issued as 
U.S. Pat. No. 8,123,818 on Feb. 28, 2012, which claims the 
benefit of priority of the filing date of U.S. provisional appli 
cation no. 61/163952, filed on Mar. 27, 2009, both of which 
are incorporated by reference herein in their entirety. 

FIELD OF THE INVENTION 

This invention relates to a prosthetic liner adapted to 
envelop a residual limb. Specifically, the prosthetic liner has a 
seam defined along sections of at least one fabric layer Such 
that the exterior and interior surfaces of the liner generally 
define continuous Surfaces without interruption. 

BACKGROUND 

Prosthetic liners are well known in the art of the prosthetic 
devices. It is highly desirable that these liners conform 
closely to the residual limb, accommodate Surface contours 
and sub-surface bone elements of the residual limb, and pro 
vide a comfortable cushion between the residual limb and a 
hard socket of a prosthesis that is to be fitted over the residual 
limb. 

Special polymeric rubber or elastomer materials, such as 
silicone compositions, have been formulated as Suitable Sub 
stances for prosthetic liners. These elastomer materials hav 
ing an appropriate hardness (or softness), elongation, tensile, 
and other properties, such as bio-inertness (resulting in no 
skin reaction), have been Successfully used for prosthetic 
liners. 
A prosthetic liner which does not lock to a hard socket is 

generally referred to as a “cushion” liner. Cushion liners are 
designed to accommodate residual limbs with fragile and 
exposed tissues, bony prominences prone to pressure peaks, 
and conical residual limbs. These cushion liners can be geo 
metrically configured to greatly decrease the need for cus 
tom-made prosthetic liners. The distal end of these liners 
often includes a distal end cap embedded into the liner. 
A distal end cap may include components made from alu 

minum or other metal, or rigid plastics such as Nylon. The end 
cap can create discomfort to the user since it interferes in 
allowing the liner to conform to the geometry of the limb, and 
impede pressure distribution of the liner over the residual 
limb. The end cap may also limit stretchability of the liner. 

While effective solutions have been proposed and imple 
mented, it is desirable to improve the comfortibility of such 
liners or sleeves to increase their ability to conform to irregu 
larities on a residual limb, and accommodate a wider variety 
of limbs with fewer sizes of liners, while maintaining suffi 
cient strength and durability. Moreover, it is particularly 
desirable to provide a liner or sleeve arranged to distribute 
pressure of the liner against a prosthesis while providing 
superior stretchability over known liners and sleeves. 

For the foregoing reasons, there is a need to provide 
improved liners and sleeves that impart improved conform 
ability, pressure distribution, and stretchability while main 
taining Sufficient durability and strength for their requisite 
applications. 

SUMMARY 

In accordance with a first embodiment of the invention, a 
tubular prosthetic liner is adapted to envelop a residual limb. 
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2 
The liner has an open proximal end arranged to permit entry 
of the residual limb into a cavity of the liner defined by a 
continuous inner Surface and a closed-end distal end area 
arranged to receive the residual limb such that the residual 
limb is closely enveloped by the liner. The liner defines an 
exterior Surface generally conforming to the residual limb. 
The liner includes an elasticized fabric layer defining outer 

and inner Surfaces. In this embodiment, a seam is formed 
across the distal end area of the liner and closes the distal end 
area of the fabric layer. The first fabric layer surface continu 
ously defines the exterior surface of the liner, via the seam, at 
the distal end area of the liner without interruption, such as by 
Substantial recesses or protruding features. 

According to this embodiment, the liner includes a first 
polymeric layer having inner and outer Surfaces. The outer 
layer Surface is intimately and continuously bonded to the 
inner surface of the fabric layer. The liner also includes a 
second polymeric layer having inner and outer Surfaces. The 
outer Surface of the second polymeric layer Surface is con 
tiguous and integrally secured to the inner Surface of the first 
polymeric layer. The second polymeric layer is substantially 
thicker than the first polymeric layer. The inner surface of the 
second polymeric layer defines the interior surface of the liner 
which is continuously smooth. 

In a variation of this liner embodiment, the liner only 
includes a single polymeric layer Such that one of the first and 
second polymeric layers described above may be eliminated. 
In yet other variation, the liner is not limited to a single or two 
polymeric layers. 
The seam is preferably formed by opposed edgeportions of 

the fabric layer joined by a welding element. The welding 
element may be a polymeric film which is contiguously and 
integrally joined to the opposed sides of the fabric layer. The 
seam may form an excess portion directed toward the interior 
cavity of the liner but this excess portion is buried or embed 
ded by the second polymeric layer. 
The liner distal end area may have an arcuate outer wall 

defining radii of curvature centered along a liner longitudinal 
axis of external symmetry, with the seam tracing at least along 
the radii of curvature. The seam may correspond exactly to 
the curvature of the liner distal end area. 

In a variation of the seam, the seam is defined by a stitched 
seam of the opposed edge portions of the fabric layer. The 
stitched seam only minimally protrudes from the exterior 
Surface of the liner, thereby avoiding any Substantially raised 
Surfaces which could impede the usage of the liner in con 
nection with a socket. 

According to this embodiment, the fabric layer is an elas 
ticized fabric layer. The distal end area of the fabric layer is 
preferably arranged in a permanent distended condition Such 
that the distal end area of the fabric layer has a continuous, 
surface without interruption. 
The first polymeric layer may have a thickness that is 

Substantially less than a thickness pertaining to the second 
polymeric layer. Moreover, the second polymeric layer may 
have a variable thickness increasing from the proximal end to 
the distal end area. The distal end area thickness of the second 
polymeric layer may be generally uniform. 
The first and second polymeric layers may include a sili 

cone elastomer. The first and second polymeric layers may 
also each have different hardnesses relative to one another; 
the second polymeric layer having a lower hardness than the 
hardness of the first polymeric layer. 
The second polymeric layer may comprise a composite 

including silicone elastomer and silicone oil dispersed 
through the silicone elastomer. Also, the second polymeric 



US 8,597,368 B2 
3 

layer may contain a plurality of hollow microspheres dis 
persed through the polymeric material. 
The liner may include a distension controlling reinforce 

ment matrix embedded in the second polymeric layer over the 
distal end area of the liner. The reinforcement matrix contains 
reinforcement elements that provide substantial stiffness 
against elongation of the liner in a direction along the liner 
length. These reinforcement elements preferably do not pro 
vide Substantial resistance against distension of the second 
polymeric layer in directions transverse to the liner length. 
The reinforcement matrix is arranged so as not to interfere 

with the opposed sides of the fabric layer. According to one 
embodiment, the opposed sides of the fabric layer extend 
below in the polymeric layer below the reinforcement matrix. 

In variations of the embodiment, the liner may be provided 
without a reinforcement matrix. 

Embodiments of the invention are not limited to a seam 
located at a distalend area of the liner. Instead, multiple fabric 
sections may be combined to form the fabric layer. These 
fabric sections are preferably joined in a similar manner to the 
aforementioned seam, either by welding or Stitching. 
An exemplary embodiment includes a second fabric sec 

tion secured to a first fabric section. The second fabric section 
is surrounded in its entirety by the first fabric section. The 
second fabric section may have greater stiffness properties to 
accommodate certain anatomy of the residual limb, such as a 
knee. The second fabric section may be arranged in a variety 
of different shapes according to the different anatomy it is to 
correspond to, and it may likewise be oriented according to 
desired results from the multiple section fabric layer. More 
over, the fabric layer may include a plurality of different 
fabric sections, preferably each connected to one another 
according to the aforementioned seams. 

In another exemplary embodiment, first and second fabric 
sections are secured to each other along a longitudinal seam. 
The first fabric section may correspond to the anteriorportion 
of the residual limb and the second fabric section may corre 
spond to the posterior portion of the residual limb. 

In yet another exemplary embodiment, first and second 
circumferential fabric sections are secured together along a 
circumferential seam. The first fabric section may correspond 
to the distal end area of the liner so as to envelop the distal end 
area of the residual limb. The second fabric section is 
arranged to at least envelop portions of the residual limb 
above or directed more towards a proximal end of the liner. 

In each of these embodiments, the first and second fabric 
sections may have different properties, for example stiffness, 
Surface texture, thickness, hardness. 

According to a variation of the embodiments described 
herein, an umbrella connector may be embedded into a liner 
having a seam. The umbrella connector is generally adjacent 
to the interior surface of the fabric layer. The umbrella con 
nector includes a connecting end that extends through an 
opening defined across a distal end area of the liner and over 
the seam effectively removing part of the seam. A distal end 
cap may beformed or bonded along the exterior surface of the 
distal end area of the liner, and Surrounding a portion of the 
connecting end. 
The liner may beformed with or without the distal end cap, 

and a reinforcement matrix may be used in combination with 
the umbrella connector. 

The embodiments described herein have superior cushion 
ing and conform to the distal end of residual limb so as to 
contribute to more equal pressure distribution. This signifi 
cant benefit, as will become apparent below, will be under 
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4 
stood by the provision of a distal end area seam that elimi 
nates the need for any distal end cap found in conventional 
comfort liners. 
The numerous advantages, features and functions of the 

various embodiments of the sleeve or liner with a continuous 
distal end area will become readily apparent and better under 
stood in view of the following description and accompanying 
drawings. The following description is not intended to limit 
the scope of the sleeve or liner, but instead merely provides 
exemplary embodiments for ease of understanding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing a first embodi 
ment of the liner according to the invention. 

FIG. 2 is a sectional elevational view showing an outer 
surface of the liner according to FIG. 1. 
FIG.3 is a bottom plan view showing an outer surface at a 

distal end area of the liner according to FIG. 1. 
FIG. 4 is an enlarged sectional view taken from FIG. 1. 
FIG. 5 is a bottom plan view showing an outer surface at a 

distal end area of a variation of the liner according to FIG. 1. 
FIG. 6 is an elevational view showing an inside-outliner in 

a production step of the liner according to the embodiment of 
FIG. 1 prior to sealing the distal end area. 

FIG. 7 is an elevational view showing an inside-outliner in 
a production step of the liner according to the embodiment of 
FIG. 1 after sealing the distal end area. 

FIG. 8 is an elevational view showing an embodiment of 
the liner having first and second fabric sections forming a 
fabric layer. 

FIG. 8A is a cross-sectional view taken along line 8A-8A in 
FIG 8. 
FIG.9 is an elevational view showing another embodiment 

of the liner having first and second fabric sections forming a 
fabric layer. 

FIG.10 is an elevational view showingyetanother embodi 
ment of the liner having first and second fabric sections form 
ing a fabric layer. 

FIG. 11 is an elevational view showing an embodiment of 
a liner having an umbrella connector. 

FIG. 12 is a cross-sectional view of the liner of FIG. 11 
taken along line XII-XII without the silicone layer. 

FIG. 13 is a bottom plan view of the liner of FIG. 11. 
FIG. 14 is an elevational view showing another embodi 

ment of a liner having an umbrella connector. 
FIG. 15 is a sectional view taken from FIG. 14. 
In the various figures, similar elements are provided with 

similar reference numbers. It should be noted that the drawing 
figures are not necessarily drawn to scale, or proportion, but 
instead are drawn to provide a better understanding of the 
components thereof, and are not intended to be limiting in 
Scope, but rather provide exemplary illustrations. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

The embodiments described herein may be adapted as a 
prosthetic liner, for example a cushion liner, which forms an 
interface between the skin of a residual limb and preferably 
rigid or semi-rigid socket. The prosthetic liner stabilizes soft 
tissues, minimizes pistoning (stretching), helps to improve 
circulation, and adds comfort. 
An example of a method for making a socket, as is readily 

understood by the skilled artisan in the field of prosthetics, is 
described in U.S. Pat. No. 7,438,843, granted Oct. 21, 2008, 
the entirety of which is incorporated herein by reference. 
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In an embodiment of the liner, FIG. 1 schematically illus 
trates in a cross-section view a prosthetic liner 10 arranged as 
a tubular liner adapted to envelop a residual limb. The liner 
has an open proximal end arranged to permit entry of the 
residual limb into an interior cavity 19 formed by the liner. 
The cavity is defined by a continuous interior surface IS and 
a closed-end distal end area Such that the cavity is arranged to 
receive and closely envelop residual limb. The liner defines an 
exterior surface ES which generally conforms to the residual 
limb. 
The liner 10 is formed in part by an elasticized fabric layer 

12 along its exterior surface ES, an intermediate, first poly 
meric layer 14, and a second polymeric layer 16 formed along 
the interior surface IS. A seam 18 is formed across the distal 
end area 24 of the liner and closes opposed edge portions 20, 
22 of the fabric layer 12 at the distal end area 24 The entire 
assembly of the fabric layer, the first polymeric layer, and the 
second polymeric layer is at least freely radially elastically 
distendable. 
The fabric layer 12 defines outer and inner surfaces 

whereby the outer surface continuously forms the exterior 
surface ES of the liner 10. The first polymeric layer 14 has 
inner and outer Surfaces, and the outer Surface is intimately 
and continuously bonded to the inner surfaces of the fabric 
layer 12. The second polymeric layer 16 has inner and outer 
surfaces wherein the outer surface of the second polymeric 
layer 16 is contiguous and integrally secured to the inner 
surface of the first polymeric layer 14. 
The second polymeric layer 16 is substantially thicker than 

the first polymeric layer as evidenced by the thicknesses t, t 
and ts. In particular, the thickness of the second polymeric 
layer 16 is substantially uniform at the distal end area 24 of 
the liner, and progressively tapers towards the proximal end 
area 26. 
The inner surface of the second polymeric layer 16 defines 

the inner surface IS of the liner 10. The inner surface of the 
second polymeric layer 16 is continuously smooth meaning 
that it is without interruption and does not form any Substan 
tial recesses or protrusions, as shown in FIGS. 1 and 4. The 
smooth surface allows for pressure relief and comfortably 
accommodates bony prominences, sensitive areas and 
scarred tissue of the residual limb. 
The opposed edge portions 20, 22 are effectively embed 

ded or buried within the thickness t of the second polymeric 
layer 16. The thickness t and extent of the excess of the 
opposed edge portions is arranged so that the wearer does not 
feel the excess of the opposed edge portions 20, 22 when the 
liner is worn on the residual limb. 
The fabric layer is normally air permeable and may be 

formed from a flat knit elasticized fabric. The inner surface of 
the fabric layer is coated with the first polymeric layer 14 
defined as a thin layer of cured silicone elastomer preferably 
partially embedded in the fibers of the textile without com 
pletely penetrating the textile. The fabric layer is preferably 
seamless along the sides of the liner with the exception of the 
seam located at the distal end area. 
The second polymeric layer is preferably a silicone elas 

tomer that has hardness properties lower than hardness prop 
erties of the first polymeric layer. Moreover, the second poly 
meric layer preferably has a thickness greater thanathickness 
of the first polymeric layer. The second polymeric layer may 
include hollow thermoplastic microspheres, silicone oil, and/ 
or one or more skin treatment agents. Such skin treatment 
agents may include petroleum jelly and aloe Vera. 
The fabric layer, and the first and second polymeric layers 

may be formed in accordance with any of the following U.S. 
Pat. Nos. 6,136,039, 6,626,952, 6,485,776, 6,706,364, 7,001, 
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6 
563 and 7,118,602, each of which are incorporated herein by 
reference in their entirety. The liner embodiments of the 
pending application may be configured to include any of the 
features of the aforementioned patents 
As depicted in FIGS. 1 and 4, an embodiment of the liner 

10 may include a distension controlling reinforcement matrix 
36 embedded in the second polymeric layer 16 over the distal 
end area 24 of the liner. The reinforcement matrix 36 contains 
reinforcement elements that provide substantial stiffness 
against elongation of the liner in a direction along the liner 
length and do not provide Substantial resistance against dis 
tension of the second polymeric layer in directions transverse 
to the liner length. The reinforcement elements may comprise 
interlocked fibers such as a circular knit tubular fabric that 
strongly resist longitudinal elongation but readily distends 
radially. An example of a reinforcement matrix is described 
by U.S. Pat. No. 6,706,364. 

In variations of the liner described herein, the liner may be 
provided without a reinforcement matrix. 

It will be pointed out that the first and second polymeric 
layer construction may be substituted with a single polymeric 
layer, having either consistent material properties, or material 
properties akin to the dual layer construction described 
above. In other variations, the liner may have additional poly 
meric layers to the first and second polymeric layer construc 
tion. 

FIG. 2 depicts the distal end area 24 as having an arcuate 
outer wall defining a radius r of curvature centered along a 
liner longitudinal axis of external symmetry. The seam 18 
preferably traces along the radii of curvature and is generally 
restricted in length on opposed sides by the height of the 
radius r. The seam 18 may be configured to extend on 
opposed sides of the liner 10, either above or below the height 
of the radius r. 
As shown by FIG. 3, the distal end area 24 of this liner 

embodiment along the exterior Surface is continuous, without 
interruption. At least the distal end area 24 of the fabric layer 
12 is arranged in a permanent distended condition thereby 
preferably preventing the seam from puckering or causing a 
recess to be formed along the distal end of the liner. None 
theless, despite the permanent distended configuration, the 
fabric layer 12 is still capable of additional distension when 
the liner 10 is placed over a residual limb. 

In observing FIG. 4, the seam 18 is welded and air-tight. 
The seam 18 is preferably formed by the opposed edge por 
tions 20, 22 of the fabric layer 12 joined by a welding element 
32. Also shown are edge portions 28, 30 of the first polymeric 
layer bonded to the opposed edge portions 20, 22. The excess 
of the opposed edge portions 20, 22 is directed toward the 
interior cavity 19 of the liner but this excess portion is embed 
ded or buried by the second polymeric layer 16 so as to 
minimize or eliminate any notice by the wearer of when the 
liner is donned over the residual limb. 

According to one variation, the opposed edge portions are 
entirely embedded in at least one of the polymeric layers. 

It is preferred that the seam is minimized to avoid any 
discomfort that could arise with the buried excess portion of 
the seam on the interior side of the liner. The seam can be 
modified in accordance with a variety of different lengths 
depending on the geometry of the liner. 

While the opposed edge portions 20, 22 are depicted as 
being generally upright, the opposed edge portions 20, 22 can 
be adapted so that they are folded or oriented askew in a 
manner to minimize protruding into the thickness of the sec 
ond polymeric layer. 
The welding element 32 may be a polymeric film which is 

contiguously and integrally joined to the opposed sides of the 
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fabric layer. A preferred welding film is a polyurethane film 
under the trade name WALOPUR and distributed by Epurex 
Films GmbH. A variety of the types of films that may be used 
include any type of thermoformable film, whether elastic or 
inelastic. Also, thermoset films may be used including those 
having two components. 

FIG.5 illustrates an alternative embodiment of the seam 18 
wherein the seam is formed by Stitching the opposed edge 
portions 20, 22 of the fabric layer. The stitching 34 is exposed 
on the exterior surface ES of the distal end area 24. The 
stitching may be used in embodiments of the liner with or 
without the welding strip. 

In observing FIGS. 6 and 7, production steps for forming 
the seam are exemplified. The liner 13 is in an early produc 
tion form wherein the fabric layer 12 has been coated with the 
thin first polymeric layer 14. The liner 13 is depicted in an 
inside out configuration wherein the first polymeric layer 14 
forms the exterior surface for the purpose of forming the 
SCall. 

The tubular fabric layer 12 is first cut according to a pattern 
of excess portion 15 accounting for the opposed edge portions 
20, 22. The pattern is such that it permits the seam to be 
formed and the finalized liner forms the definitive shape of the 
liner 13 in a generally symmetrical configuration. The distal 
end area 24 of the liner 13 includes a slit 17 defined between 
the opposed edge portions 20, 22. 

The welding film 32 is inserted between the opposed edge 
portions 20, 22. The opposed edgeportions 20, 22 are brought 
toward one another under pressure and heat. The heat causes 
the film to bond the opposed edge portions 20, 22 to each 
other. Any excess welding film protruding from the seam and 
the opposed edge portions 20, 22 is trimmed from the liner 13. 
Upon bonding of the opposed edge portions 20, 22, the 

seam 18 is formed. The excess portion 15 forms along the 
seam 18, such that when the liner 13 is flipped to its normal 
configuration, the excess portion 15 extends along the interior 
of the liner and is generally directed to the cavity of the liner. 
The seam serves to seal the distal end area of the liner 

thereby enabling molding of the second polymeric layer over 
the first polymeric layer. As a result, the second polymeric 
layer is subsequently molded over the first polymeric layer 
after the seam is completely formed. 

Embodiments of the invention are not limited to a seam 
located at a distalend area of the liner. Instead, multiple fabric 
sections may be combined to form the fabric layer. These 
fabric sections are preferably joined in a similar manner to the 
aforementioned seam, either by welding or Stitching. 

In referring to FIGS. 8 and 8A, a liner 50 includes a second 
fabric section 54 secured to a first fabric section 52. The 
second fabric section 54 is surrounded in its entirety by the 
first fabric section 52, and joined along the seal 56. The seal 
56 is arranged as described above in reference to other 
embodiments presented herein, and includes a welding ele 
ment 57. The inner surface of the liner 50 is delimited by a 
layer of polymeric material 55 consistent with the other 
embodiments described herein. 
As an alternative to any of the embodiments described 

herein, the liner 50 exemplifies a distal end cap 58 which may 
be secured to the distal end of the liner. The distalend cap may 
be mounted on the liner consistent with the practice discussed 
in U.S. Pat. No. 7.001563. 
The second fabric section 54 may have greater stiffness 

properties to accommodate certain anatomy of the residual 
limb, such as a knee. The second fabric section 54 may be 
arranged in a variety of different shapes according to the 
differentanatomy it is to correspond to, and it may likewise be 
oriented according to desired results from the multiple sec 
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8 
tion fabric layer. Moreover, the fabric layer may include a 
plurality of different fabric sections, preferably each con 
nected to one another according to the aforementioned seams. 

FIG.9 depicts another exemplary liner 60 wherein first and 
second fabric sections 62, 64 are secured to each other along 
a longitudinal seam 66. The first fabric section 62 may cor 
respond to the anterior portion of the residual limb and the 
second fabric section 64 may correspond to the posterior 
portion of the residual limb. 

In yet another exemplary embodiment, FIG.10 illustrates a 
liner 70 having first and second circumferential fabric sec 
tions 72,74 secured together along a circumferential seam 76. 
The first fabric section 72 may correspond to the distal end 
area of the liner so as to envelop the distal end area of the 
residual limb. The second fabric section 74 is arranged to at 
least envelop portions of the residual limb above or directed 
more towards a proximal end of the liner. 

In each of these embodiments, the first and second fabric 
sections 72, 74 may have different properties, for example 
stiffness, Surface texture, thickness, hardness. 

FIGS. 11 and 13 illustrate another embodiment of the liner 
100 bearing similarity to the liner according to FIG. 1. This 
liner 100 includes a tubular fabric layer 102, and a polymeric 
layer 104 defined by first and second polymeric layers 105, 
107. The liner defines a seam 106 having opposed edge por 
tions 112, and arranged similarly to the seam described in 
FIG.1. The seam 106 effectively closes the end of the shaped 
fabric layer 102, as in other embodiments described herein. 
The liner of FIG. 11 includes an umbrella connector 108 

embedded into the silicone layer 104. The umbrella connector 
108 has a connecting end 114 having a threaded feature 116. 
As shown in FIG. 13, the connecting end 114 extends through 
an opening 122 formed through the fabric layer 102 and 
across the seam 106. The connecting end 114 is arranged to 
secure to various prosthetic devices and connectors known in 
the art of prosthetic devices. Because of the opening, a section 
of the fabric layer carrying the seam is removed while the 
seam remains intact. A distal end cap 110 is formed or bonded 
to the distal end area of the liner 100, and surrounds a portion 
of the connecting end 114. The shape of the umbrella con 
nector is not limited to the variation shown herein and may 
also correspond to the umbrella connector in combination 
with a distal end cap as taught in U.S. Pat. No. 6,485,776. 

Referring to FIG. 12, the umbrella connector 108 is placed 
along the inner surface of the fabric layer 102 along its distal 
end. The umbrella connector 108 has a plurality of apertures 
120 which facilitate embedding the umbrella connector 108 
into the silicone layer 104. As with the other embodiments, 
the seam 106 includes the opposed edge portions 112 which 
are sealed by the welding element 118. The umbrella connec 
tor may be embedded into the liner and the distal end cap may 
be formed as taught in U.S. Pat. No. 6,485,776. 
As illustrated in FIG. 14, another embodiment of a liner 

200 includes an umbrella connector 208 in combination with 
a reinforcement matrix 210. The liner 200 includes a fabric 
layer 202, and first and second polymeric layers 203,204. The 
reinforcement matrix 210 is located between the first second 
polymeric layers 203, 204. The second polymeric layer 
includes first and second layer portions 205, 207 on opposed 
sides of the umbrella connector 208. As depicted, the second 
layer portion 207 forms the majority of the thickness of the 
second polymeric layer 206. 
The umbrella connector 210 in FIGS. 14 and 15 is arranged 

in a similar manner as in the liner 100 according to FIG. 11. 
Specifically, the liner 200 includes a seam 206 with opposed 
edge portions 212 embedded in at least one of the first and 
second polymeric layers 203, 204. The umbrella connector 
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210 includes a connecting end 214 which protrudes through 
an opening 222 formed through the fabric layer 202 and 
across the seam 206. The connecting end 214 includes a 
threaded feature 222 for securing to prosthetic devices. 
By using a fabric layer closed at the distal end by a seam 

and then Subsequently, forming a hole through the fabric layer 
for placement of a connecting end of an umbrella connector, 
manufacturing steps are eliminated resulting in reduced costs 
for making the process. A comparison can be made to the 
simplicity of the instant solution to the process described in 
U.S. Pat. No. 6,485,776. 
Any of the liner embodiments described herein may be 

adapted to accommodate a plurality of undulations formed 
along portions of the liner in accordance with the description 
of U.S. Pat. Nos. 7,169,189 and 7,118,602, incorporated 
herein in their entirety by reference. Also, the liner embodi 
ments may be configured to include a seal or seals described 
in U.S. Pat. No. 7,025,793, and U.S. patent application pub 
lication 2007/0123998, incorporated herein in their entirety 
by reference. 

It will be understood that the aforementioned embodiments 
are not limited to the described liner described herein. 
Instead, the features of one of the preferred embodiments of 
this disclosure may readily be combined with those of another 
or other embodiments of the present disclosure without 
departing from the scope of the present invention. 

It will be readily understood that the described embodi 
ments of the disclosure are exemplary only and various other 
features and details could be incorporated in the liner 
described herein without departing from the spirit and scope 
of the invention as defined in the appended claims. Further, 
while the liner has been described in connection to a pros 
thetic liner, the embodiments may be adapted for any suitable 
prosthetic or orthopedic uses. 
The invention claimed is: 
1. A tubular prosthetic liner having an open proximal end 

and a closed-end distal area, and interior and exterior Sur 
faces, the liner forming a cavity delimited by the interior 
surface, the liner adapted to envelop a residual limb, the liner 
comprising: 

a fabric layer defining first and second Surfaces, the first 
fabric layer Surface continuously defining the exterior 
surface of the liner; and 

a seam formed by opposed sides of the fabric layer joined 
together, the opposed sides of the fabric layer forming an 
excess portion directed toward the cavity of the liner; 

a first polymeric layer having first and second Surfaces, the 
first surface of the first polymeric layer bonded to the 
second surface of the fabric layer, the excess portion 
embedded entirely in a thickness of the at least one 
polymeric layer; 

wherein the opposed sides of the fabric layer are joined 
together by a welding element along the opposed sides 
of the fabric layer. 

2. The liner according to claim 1, wherein the seam is 
air-tight. 

3. The liner according to claim 1, wherein the seam is 
formed across the distal end area of the liner and closing the 
distal end area of the fabric layer. 

4. The liner according to claim 3, wherein the distal end 
area of the exterior and interior Surfaces is continuous without 
interruption. 

5. The liner according to claim 1, wherein the fabric layer 
is an elasticized fabric layer, the distal end area of the fabric 
layer arranged in a permanent distended condition. 

6. The liner according to claim 1, wherein the at least one 
polymeric layer includes: 
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10 
a second continuous polymeric layer having first and sec 

ond Surfaces, the first second layer Surface being con 
tiguous and integrally secured to the second first layer 
Surface, the second polymeric layer being thicker than 
the first polymeric layer, the second layer surface form 
ing the interior Surface as a continuously smooth Sur 
face. 

7. The liner according to claim 6, wherein the second 
polymeric layer has a hardness Substantially less than a hard 
ness of the first polymeric layer. 

8. The liner according to claim 6, wherein the first poly 
meric layer has a thickness Substantially less than a thickness 
pertaining to the second polymeric layer. 

9. The liner according to claim 6, wherein the second 
polymeric layer is formed from a material selected from the 
group consisting a silicone elastomer, a composite including 
a silicone elastomer and silicone oil dispersed through the 
silicone elastomer, or a composite including a silicone elas 
tomer containing a plurality of hollow microspheres dis 
persed through the silicone elastomer. 

10. The liner according to claim 6, further comprising a 
distension controlling reinforcement matrix embedded in the 
second polymeric layer over the distal end area of the liner, 
the reinforcement matrix contains reinforcement elements 
providing stiffness against elongation of the liner in a direc 
tion along a liner length without providing resistance against 
distension of the second polymeric layer in directions trans 
verse to the liner length. 

11. The liner according to claim 1, wherein the fabric layer 
is formed of first and second fabric sections joined together 
along the seam. 

12. The liner according to claim 1, wherein the liner distal 
end area has an arcuate outer wall defining radii of curvature 
centered along a liner longitudinal axis of external symmetry, 
the seam tracing at least along the radii of curvature. 

13. A tubular prosthetic liner having an open proximal end 
and a closed-end distal area, and interior and exterior Surfaces 
having a cavity defined by the interior surface, the liner 
adapted to envelop a residual limb, the liner comprising: 

first and second fabric sections each defining first and 
second Surfaces joined together along a seam; 

a first polymeric layer having first and second Surfaces, the 
first surface of the first polymeric layer bonded to inte 
rior surfaces of the first and second fabric sections; 

the seam is formed by opposed sides of the first and second 
fabric sections joined together, the opposed sides of the 
first and second fabric sections forming an excess por 
tion directed toward the cavity of the liner: 

wherein the excess portion of the seam is embedded 
entirely in a thickness of the at least one polymeric layer, 
the interior Surface of the liner having a continuously 
Smooth surface without interruption; 

wherein the opposed sides of the first and second fabric 
sections are joined together by a welding element, the 
welding element is a polymeric film contiguously and 
integrally joined along the opposed sides of the first and 
second fabric sections. 

14. The liner according to claim 13, wherein the seam is an 
air-tight seam. 

15. A tubular prosthetic liner having an open proximal end 
and a closed-end distal area, and interior and exterior Surfaces 
having a cavity defined by the interior surface, the liner 
adapted to envelop a residual limb, the liner comprising: 

first and second fabric sections each defining first and 
second Surfaces joined together along a seam; 
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a first polymeric layer having first and second Surfaces, the 
first surface of the first polymeric layer bonded to inte 
rior surfaces of the first and second fabric sections; 

the seam is formed by opposed sides of the first and second 
fabric sections joined together, the opposed sides of the 
first and second fabric sections forming an excess por 
tion directed toward the cavity of the liner: 

wherein the excess portion of the seam is embedded 
entirely in a thickness of the at least one polymeric layer, 
the interior Surface of the liner having a continuously 
Smooth surface without interruption; 

wherein the two fabric sections have different stiffness 
properties. 
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